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The tissue from galls induced by the gall fly Procecidochares uti/is on the stems of Ageratina adenophora did 
not require the addition of cytokinins to the medium in order to survive and produce callus. This callus also 
produced 'hairy roots' in culture. Neither of these characteristics were shown by tissue from normal stems. It 
would appear as if the gall tissue was habituated with respect to its cytokinin requirement. When cytokinin 
was applied to the gall callus for a period of time, it lost its ability to grow on a cytokinin-free medium. Gall 
tissue contained much higher levels of endogenous cytokinin than normal stem tissue. 
Die weefsel van galle wat ge"induseer is deur die galvlieg Procecidochares utilis op die stingels van Ageratina 
adenophora het nie die byvoeging van sitokinien by die medium benodig om te oorleef en wondweefsel te 
produseer nie. Hierdie wondweefsel het ook 'harige wortels' in kultuur gevorm. Geeneen van hierdie karakter-
trekke is by weefsel van normale stingels gevind nie. Dit wil voorkom asof die galweefsel spontaan 
sitokoniene gevorm het. As sitokiniene vir 'n tydperk aan galwondweefsel in kultuur verskaf is, het dit die 
vermoa om in 'n sitokinien-vrye medium te groei, verloor. Galweefsel het 'n hoar endogene sitokinienvlak 
gehad as normale stingelweefsel. 
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Introduction 
There is good evidence for molecular communication and 
interactions between plants and pathogens which result in 
gall formation (Dixon & Lamb 1990). The best known 
examples include bacterial infections such as Rhizobium in 
root nodulation (Phillips & Torrey 1972), Agrobacterium 
infection leading to crown galls (Morris 1986), and fungal 
infections such as Ustiiago leading to smut galls (Wenzler 
& Meins 1987; Lin & Lin 1990). While insect galls are very 
common in nature (Raman 1988), the mechanism by which 
insects induce galls are still unknown. What is clear, 
however, is that somehow the insect manipulates the 
biochemical pathways of the plant to produce a complex, 
highly organized structure which serves the need of the 
parasite even though the gall originates from the host. It is 
well established that the hormone levels of galls, induced by 
pathogens or insects, are altered greatly, in particular the 
cytokinin and auxin levels are higher than in normal tissue 
(Bayer 1982; Lin & Lin 1990; Nandi et ai. 1990). Frequent-
ly, tissues obtained from crown galls and genetic tumours 
can be cultured on a hormone-free medium (Joshi & Tandon 
1990). 
Gall formation in crofton weed is induced by the gall fly 
Procecidochares utilis Stone. Its potential as a means of 
biological control of the weed has received attention (Ben-
nett & Van Staden 1986). This paper reports on the growth 
characteristics of callus cultures generated from stem galls 
and healthy stems. In addition, the cytokinin levels in stem 
and gall tissue and in the insect larvae were investigated. 
Materials and Methods 
The growth requirements of gall and normal stem material 
was studied by taking material from Ageratina adenophora 
K. and R. plants containing 18-day-old galls. Galls and stem 
sections were surface-sterilized for 7.5 min using 3.5% 
NaOCl containing a few drops of Tween 20. The plant 
material was then rinsed three times in sterile distilled water 
whereafter the epidermal layers were removed aseptically. 
Gall and stem explants were cultured on the medium of 
Miller (1965) with and without kinetin (0.05 mg r 1). After 4 
weeks' incubation at 28°C, callus growth and/or root 
development by the explants were recorded. The callus 
produced was subcultured onto similar media and cultured 
for a further 4 weeks whereafter the callus was used in a 
bioassay to determine whether or not kinetin was required 
for growth. Apart from the substitution of soybean callus by 
gall callus the assay was conducted as described for the 
soybean callus bioassay (Miller 1965). 
A stock of A. adenophora callus from stem and gall tissue 
was built up by maintaining it on Miller's (1965) medium 
with 0.05 mg 1-1 kinetin using 3-weekly subculture. After 
eight such subcultures (24 weeks) this stem and gall callus 
was used to determine their cytokinin and auxin require-
ments in vitro. 
Endogenous cytokinin levels were determined for gall 
tissue, normal stem tissue and larvae removed from the 
galls. All material was deep-frozen and subsequently 
extracted and purified using a cation exchange resin (Van 
Staden & Davey 1978). After paper chromatography using 
iso-propanol:N~OH:water (10: 1: 1 v/v), the cytokinin-like 
activity in the different Rf fractions was determined using 
the soybean callus bioassay (Miller 1965). More information 
about the nature of the cytokinins in the larval extract was 
obtained after fractionation on Sephadex LH-20 (Hutton & 
Van Staden 1981) followed by bioassay of each fraction 
collected. 
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Resu Its and Discussion 
All the stem and gall explants formed callus during the first 
three weeks of culture irrespective of whether they were 
cultured with or without kinetin. The degree of callus 
growth of normal stem material was, however, better with 
kinetin while that of gall tissue was best in the absence of 
kinetin. These results could be ascribed to different tissue 
sensitivities for cytokinin or could indicate higher endo-
genous levels in the gall material so that supra-optimal 
levels were reached when additional kinetin was incorpora-
ted into the medium. That gall tissue shows a higher growth 
rate than normal tissue is known (Joshi & Tandon 1990) and 
it has been suggested that cytokinins may be involved in 
tumourgenesis (Nandi et al. 1990). 
The differential response of the stem and gall callus was 
confirmed when callus pieces were subsequently subcul-
tured onto media with and without kinetin (Table 1). The 
callus also formed roots with a similar appearance to hairy 
roots if derived from the gall material. Roots were not 
formed from stem callus, irrespective of its culture history. 
These results suggested that the gall fly could possess 
Agrobacteriwn rhizogenes-like properties. This has, how-
ever, not yet been confirmed by testing for opines. While it 
is generally accepted that cytokinins inhibit root growth 
(Van Staden & Harty 1988), the degree of root production in 
this study bore no relation to the presence of kinetin in the 
growth medium. 
The results reported above could also indicate that owing 
to some alteration by the insect, the gall tissue became 
habituated with respect to cytokinins. For this reason callus 
derived from a number of different subcultures was cultured 
on a cytokinin-free medium and its growth recorded. It is 
significant that only the gall callus which was cultured in 
the absence of cytokinin, grew. None of the stem callus 
pieces survived and after exposure to kinetin the gall callus 
also lost its ability to grow in the absence of cytokinin. 
These results suggest that the gall callus was habituated with 
respect to cytokinin but that application of cytokinin re-
sulted in a loss of this habituation. 
While no actual measurements were made, visual obser-
vations indicated that the vigour of the gall callus decreased 
after each subculture whereas that of the stem callus 
remained constant over the 24 weeks of culture. By this time 
only very small differences were recorded when the two 
types of callus were subcultured onto media containing 
NAA and kinetin (Table 2). In the case of the gall callus, 
growth only occurred on media containing 1 mg rl NAA + 
1.0 mg rl kinetin and 10.0 mg I-I NAA + 0.1 mg r-I kinetin. 
The latter combination gave the best growth. This was also 
true for the stem callus which, on the whole, showed a 
greater tolerance to the auxin:cytokinin ratios used. After 24 
weeks of culture the gall callus had lost its ability to grow in 
the absence of kinetin. 
The above results suggest that the gall tissue contained 
sufficient endogenous cytokinin to sustain its growth in 
culture whereas stem tissue was deficient in this hormone. 
From the results in Figure 1 it can be seen that gall tissue 
contained much higher levels of endogenous cytokinins than 
stem tissue. In the galls most of the cytokinin-like activity 
co-chromatographed with zeatin and its riboside. Activity 
associated with these cytokinins was not detected in the 
stems. Only a small peak of activity which co-chromato-
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Table 1 The percentage of callus pieces (produced on 
a medium with and without kinetin) which grew when 
subcultured onto Miller's (1965) medium (with and without 
kinetin). and which produced roots 
Percentage response 
Callus Medium with kinetin Medium without kinetin 
history" Callus Roots 
Gall K 50 50 
Gall 0 100 100 
Stem K 70 0 
Stem 0 20 0 
" K = callus produced on medium containing kinetin. 
o = callus produced on medium without kinetin. 
Callus Roots 
70 60 
90 45 
30 0 
10 0 
Table 2 The growth of stock callus from stem and gall 
tissue (maintained for 8 subcultures, 24 weeks, on a 
medium containing 0.05 mg 1-1 kinetin) on media contain-
ing different concentrations of naphthalene acetic acid 
(NAA) and kinetin. No growth was recorded with any of 
the cultures at 0, 0.01 and 0.1 mg r1 NAA 
NAA concentration Kinetin concentration (mg 1-1) 
o 0.01 0.1 1.0 
Percentage of stem callus cultures which grew 
1~ 17 50 
10.0 25 
Percentage of gall callus cultures which grew 
1.0 
10.0 
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Figure 1 Callus yield obtained following a soybean callus bio-
assay for cytokinin-like activity of (a) gall (5 g), (b) stem (5 g), 
and (c) larval (0.5 g) extracts following separation by paper 
chromatography. The positions of authentic cytokinins are shown. 
ZG, glucosylzeatin; Z, zeatin; ZR, ribosylzeatin. 
graphed with glucosylzeatin was found in stem tissue. The 
larvae not only yielded much more cytokinin-like activity 
but both the polar and non-polar peaks were detected. When 
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part of a larval extract was fractionated on Sephadex LH-20, 
three peaks of cytokinin-like activity were detected (Figure 
2). The most polar peak co-eluted with glucosylzeatin, the 
second with zeatin and its derivatives and the third with iso-
pentenyladenine derivatives. As reported for other galls 
(Van Staden & Davey 1978; Elzen 1983), the galls of 
Ageratina contained relatively high levels of endogenous 
cytokinins. 
The present results indicate that tissue excised from galls 
of Ageratina was capable of sustaining growth in culture 
whereas that from normal stem material was not. The gall 
callus was able to sustain its growth if cultured in the 
absence of cytokinins and therefore appears to be habitu-
ated. However, if this callus is maintained on a kinetin-
containing medium it apparently loses its ability to produce 
its own cytokinin. Similar results were found with the 
Ustilago fungus-induced smut-galls on leaves of maize 
(Wenzler & Meins 1987). It could be shown that the cyto-
kinin levels of the larvae in the galls and that of the gall 
tissue were much higher than those of the stem tissue of 
Ageratina. The question arises as to whether or not foreign 
genetic material was transferred into the host cells as a 
result of the insect infestation. As stated earlier, the callus 
produced from gall callus produced hairy roots during 
culture. This raises the question whether bacteria were 
transferred to the host during oviposition. While it would 
appear as if habituated material was produced in the gall 
tissue, it is unclear whether the hormonal autotrophy was 
heritable. Habituation was lost if additional cytokinin was 
supplied to the gall tissue. 
The results do suggest that there may be molecular 
communication between the host and insect and that this 
may be responsible for the induction of structures which 
normally do not occur on the plant. That plant growth 
substances may be involved is indicated by the very notice-
able differences in the cytokinin levels of normal and 
infected plant parts. Such differences also occur when 
bacteria, fungi and viruses induce morphogenetic changes 
(Dixon & Lamb 1990). 
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